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Abstract 
While the recent high demand for high rising buildings has led to the development of high-performance and high-
strength steels, the requirements for structural-performance steel for building have been raised as engineers recognize 
the potential damage that an earthquake can wreak on a tall building. Many studies on high-strength steels have 
explored such need, but in case of hollow section, there are not enough experimental data. Appropriate design 
equations in CHS are needed because the design equations limit the maximum yield strength and yield ratio up to 
360MPa and 80% in AISC and Canadian codes, and the design code of KBC 2009. This study was carried out the 
experiment test on strength of tube-gusset connection. Connections were formed by CHS chord with transverse plate 
(WH type) and longitudinal plate (LH type), and lateral force was applied on it. To understand the connection 
behavior and design codes, width of gusset, utilization ratio were selected as the parameters. It was also performed to 
investigate the behavior and strength of tube-gusset connection through comparing the experimental results and FEA. 
As the results of FEA using ABAQUS, analytical values almost reached the same results. This study analyzed tube-
gusset connection and compared experimental values with analytical values for evaluating the applicability of current 
design equations. Current design equations were estimated to 67~128% for WH type, and 61~107% for LH type by 
normalized values from analytical values. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
There has increased the demand for high-strength steel material, as the structures recently are non-
regular, twisted, and high rise. In line with this increase, the USA and Japan have already developed high-
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strength steel, HPS690W and BHS700W, of over 690MPa tensile strength to expand its use more widely 
(Kim et al. 2008b). Korea has also developed steel material of 600MPa grade and many studies on the 
performance and the structural resisting force of high strength steel material have been carried out (Kim 
et al. 2008a).  
In case of CHS, the results of this experimental are appearing but application of results has been 
inadequate. Current design equations (AISC, KBC 2009) limit the maximum yield stress up to 360MPa. 
Ultimate capacity is defined by the load corresponding to an ultimate deformation limit. An out-of-plane 
deformation of the connecting CHS face, equal to 3% of the CHS connecting face diameter (0.03D), is 
generally used as the ultimate deformation limit (Lu et al. 1994). 
This study aims at analyzing behavior of joints and comparing experimental values with analysises of 
variable using FEA, and investigating the applicability of design equations. 
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2. Experimental Program 
2.1. LH and WH-joint and design equations 
LH and WH joints are planned in consideration of previous researches (Wardenier 1982) as shown in 
Table 1. LH and WH type are made by welding a gusset plate in longitudinal and transverse direction of 
the chord respectively, and lateral forces are applied on plates. 
Current design equations are summarized in Table 1. The design equation of Japan (AIJ 2002) does 
not consider the effect of the utilization ratio (U or n) of chord. The other design equations (AISC, 
CIDECT, CISC) use the variable of chord-stress interaction parameter, Qf. In the design equation of 
CIDECT (CISC), for nominal yield strengths greater than 355MPa, the joint resistances should be 
multiplied by 0.9. 
2.2. Loading on chord and plate 
Figure 1 shows the method of loading compressive force on chord. End plates are attached to both 
ends of the chord, and compressive force is applied by hydraulic cylinder and four tension bars of 
diameter 72mm. Strain gauges are installed in the tension bars to monitor the axial force during the test. 
The prestrain at target compressive force for each specimen is shown in Table 2. When the experimental 
plan was done, the utilization (P/Py) was defined with respect to nominal yield strength of the chord. 
Table 2. Summary of specimens 
Specimen Material 
Width of 
gusset, N
B (mm) 
Length of 
loading, H
(mm) 
yPP / P (kN)
Chord Prestrain on 
tension bar
(PH )L
(mm)
D
(mm) 
t
(mm) 
LH-N350-0.0 HSB600 350 500 0 0 1750 350 12 0 
LH-N350-0.3    0.27 1682    501 
LH-N350-0.6    0.54 3364    1003 
LH-N700-0.0 HSB600 700 500 0 0 1750 350 12 0 
LH-N700-0.3    0.27 1682    501 
LH-N700-0.6    0.54 3364    1003 
WH-B175-0.0 HSB600 175 500 0 0 1750 350 12 0 
WH-B175-0.3    0.27 1682    501 
WH-B175-0.6    0.54 3364    1003 
Each specimen was prepared with jig and hinge, and it was subjected to loading test with 10,000kN UTM 
as shown Figure 2. Joints of specimen are subjected to lateral and deflection was measured by universal 
testing machine at end of gusset plate.  
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Figure 1. Loading of compressive force on chord 
Figure 2. Test setting 
2.3. Material Test 
Stub-column tests were carried out cylindrical specimens (I 350×12) of HSB600 material, and tensile 
test was performed with the same thickness ( t =12mm) as the chord. The results are shown in Table 3. 
Table 3. Material properties 
Test
Experimental values 
Fy (MPa) Fu (MPa) Fy /Fu (%) Elongation (%)
Stub-column test 485 606 80.0 - 
Tensile test 478 630 75.9 34.8 
2.4. Experimental Result 
Figure 3 shows the experimental result of each specimen. As an ultimate deformation limit, out-of-
plane deformation (įexp) of the CHS face is 21mm, CHS connecting face diameter is 3% deformation 
respectively. Comparing the specimen with utilization ratio of 0 and 0.27, although it is expected that the 
ultimate capacity for the specimen with utilization ratio of 0.27 should measure smaller, the ultimate 
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capacity of LH-N350 specimen was opposite to what is expected. This can be reasoned as Wardenier 
(1982) reported that the effect of ultimate capacity is minimal for specimens with small utilization ratio. 
Figure 3. Load-deflection curve 
Table 4 shows results normalized by experimental values. Design equation of AISC (KBC 2009) is 
generally underestimated to 57~88% in LH type and estimated to 86~98% in WH type. In case of CISC 
(CIDECT), it is underestimated to 62~80% and 68~72% respectively. And AIJ design equation is 
estimated to 80~105% in LH type, 102~120% in WH type. AIJ design equation may over estimate the 
strength in case of high utilization ration 
3. Finite Element Analysis 
3.1. Concept of Analysis Model 
The analysis models in Table 2 are used to conduct finite element analysis through ABAQUS/CAE 
program. Total analysis models such as the shape of model in Figure 5 were run using S4R (4-node 
doubly curved general-purpose shell) type in shell element. Loading is applied at the center of end-gusset 
plate as a deflection control. End of chord and gusset plates were considered rigid body. 
Table 4. Loading test result 
Specimen 
Test 
 AISC 
(KBC 2009)
CIDECT
(CISC) 
AIJ 2002 
Rexp (kN) įexp (mm)     
LH-N350-0.0 546.6 21 
Design equation (Rn) 480.2 440.0 528.9 
Rn / Rexp 0.88 0.80 0.97 
LH-N350-0.3 598.4 21 
Design equation (Rn) 430.3 406.4 528.9 
Rn / Rexp 0.72 0.68 0.88 
LH-N350-0.6 505.4 21 
Design equation (Rn) 359.1 361.5 528.9 
Rn / Rexp 0.71 0.72 1.05 
LH-N700-0.0 817.1 21 
Design equation (Rn) 576.2 565.7 657.7 
Rn / Rexp 0.71 0.69 0.80 
LH-N700-0.3 752.5 21 
Design equation (Rn) 516.3 522.5 657.7 
Rn / Rexp 0.69 0.69 0.87 
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LH-N700-0.6 754.3 21 
Design equation (Rn) 430.9 464.8 657.7 
Rn / Rexp 0.57 0.62 0.87 
WH-B175-0.0 659.7 21 
Design equation (Rn) 645.6 477.0 672.5 
Rn / Rexp 0.98 0.72 1.02 
WH-B175-0.3 650.6 21 
Design equation (Rn) 578.5 440.6 672.5 
Rn / Rexp 0.89 0.68 1.03 
WH-B175-0.6 558.4 21 
Design equation (Rn) 482.8 391.9 672.5 
Rn / Rexp 0.86 0.70 1.20 
įexp : 3% deformation of the connecting CHS face 
LH type WH type 
Figure 5. Model of FEA 
3.2. Analysis Result 
The load-deflection response for the tested specimens with FEA results are shown in Figures 6. The 
slight variation on the trend followed by the FEA and the large variation on the test results due to 
utilization can be seen in the figures. Specimen LH-N350-0.3 having utilization 0.3 shows the opposite 
trend that the specimen with larger utilization is stronger than that of less utilization ratio. Except one 
case the load-deflection curves followed the expected trend. The maximum load carrying capacity Rexp in 
Table 5 is adopted by the load corresponding to 3% deformation limit of diameter as shown in Figure 6. 
Estimated ultimate strength ratio of FEA respect to experimental ultimate strength ranged to 0.91~1.05. 
4. Comparison of Results with Design Equations 
Figure 7 is the load at the ultimate deformation limit state in ABAQUS, and design strength by 
variable N or B. In LH type, AISC (KBC 2009) and CISC (CIDECT) is generally underestimated to 
61~91%. According to the compressive force on chord, these design equations are more conservative. On 
the other hand, although AIJ does not consider utilization ratio, it is estimated to 89~107%, it is almost 
predicted an accurate resistance strength. 
In WH type, AISC (KBC 2009) tend to be overestimated, when variable B is close to diameter D.
CISC (CIDECT) is underestimated to 67~83%. AIJ design equation is overestimated to 100~128%, as 
compressive force is applied to chord and factor ȕ1 (B/D) is close to value 1.0. 
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Figure 6. Comparision of load deflection curve 
Table 5. ABAQUS results 
Specimen 
Test 
RFEA RFEA /Rexp
Rexp (kN) įexp (mm) 
LH-N350-0.0 546.6 21 530.4 0.97 
LH-N350-0.3 598.4 21 509.9 0.85 
LH-N350-0.6 505.4 21 493.4 0.98 
LH-N700-0.0 817.1 21 742.7 0.91 
LH-N700-0.3 752.5 21 727.6 0.97 
LH-N700-0.6 754.3 21 703.9 0.93 
WH-B175-0.0 659.7 21 675.6 1.02 
WH-B175-0.3 650.6 21 635.6 0.98 
WH-B175-0.6 558.4 21 585.7 1.05 
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LH-type WH-type 
Figure 7. Design equations and RFEA
5. Conclusions 
1) The effect of compressive force on CHS is minimal for specimens with utilization ratio below 0.3 of 
yield strength based on the experimental result. 
2) AISC (KBC 2009) and CISC (CIDECT) generally underestimate the strength for LH type connection, 
the design equations need to be adjust. 
3) AISC (KBC 2009) and AIJ overestimate for WH type connection, when gusset-plate width is close to 
the diameter of tube and the chord is applied the utilization, it is necessary that the utilization is 
applied and the design equations are adjusted. 
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